bring on seizures by thinking about certain, often emotional, scenes or events; or inhibit seizures by changing their train of thought or interrupting forced thinking. Such activating or interrupting mechanisms may be more common than previously suspected. 
EEG discharges on awakening: A marker of idiopathic generalized epilepsy
Article abstract-In a series of 24-hour ambulatory EEG recordings from 1,000 consecutive adult outpatients (44.5% with generalized and 55.5% with partial epilepsy, one recording per patient), the authors found only 46 (4.6%) activations of epileptiform discharges on awakening. All recordings came from patients with idiopathic generalized epilepsy, predominantly with juvenile myoclonic epilepsy and generalized tonic-clonic seizures on awakening. Multiple spike discharges that develop with an unusually delayed onset after arousal (more than 10 minutes) might help to discriminate juvenile myoclonic epilepsy. The paroxysmal EEG discharges typical of generalized epilepsy often show circadian fluctuations. Clinical and EEG manifestations of juvenile myoclonic epilepsy (JME)-a type of idiopathic generalized epilepsy (IGE)-bear a strict relationship to the sleepwake cycle, particularly during the transition phases. 1 Most patients with JME show myoclonic jerks on awakening, occasionally terminating in a convulsive seizure. Owing to its widely varying clinical presentations, JME sometimes remains undiagnosed even by experienced neurologists, 2-3 but its generally benign and drug-dependent course emphasizes the importance of a correct diagnosis. Therefore, a pressing diagnostic need is to identify a pattern of brain activity as a specific EEG marker of JME.
Methods. We retrospectively reviewed 1,000 consecutive ambulatory EEG (A-EEG) recorded from 1,000 adult outpatients with epilepsy (aged 19 to 72 years, mean 30 years), one cassette per patient. A-EEG were recorded with an eight-channel cassette recorder (Oxford Medilog 9000, Oxford Instruments, Abingdon, Oxfordshire, UK) before, during, or after antiepileptic treatment. Recording lasted 22 to 25 hours and included one nocturnal sleep-wake cycle. Patients slept and woke naturally at home. Patients or their relatives marked the occurrence of clinical seizures on the recording by a push-button option.
One author (M.M.) classified patients as having generalized or partial epilepsy according to the International League Against Epilepsy criteria 4 (table 1) . Patients with generalized epilepsy were further classified as having idiopathic (IGE), secondary, or cryptogenic generalized epilepsy. Patients with IGE were finally classified as having JME, epilepsy with generalized tonic-clonic seizures on awakening (A-GTCS), epilepsy with generalized tonicclonic seizures at random (R-GTCS), or childhood absence epilepsy (CAE) (table 2). Patients with partial epilepsy were classified as having idiopathic, secondary, or cryptogenic partial epilepsy (see table 1 ). Patients with epilepsy of uncertain classification or with diagnoses other than epilepsy were excluded from the study.
We defined epileptic discharges on awakening (EDA) as the appearance of EEG discharges on awakening, or a 30% increase in the amount (number and duration) of discharges compared with the preawakening hours. Awakening was defined as the 60 minutes following the onset of EEG signs of arousal.
We analyzed EDA occurrence in the various syndromes, and the EEG pattern and duration (in seconds) of discharges during the event. We also measured EDA latency from awakening (minutes). Frequency variables were subjected to 2 test; values for duration and latencies to oneway analysis of variance (significance for p Ͻ 0.05).
Two of the authors (L.F., F.F.) reviewed all A-EEG and were blinded to the patients' classification, with a high interobserver reliability and 100% concordance in selecting EDA-positive recordings.
Results. Of the 1,000 recordings reviewed, 46 (4.6%) showed EDA. All A-EEG came from patients with IGE (22 men and 24 women; aged 20 to 56 years, mean 24 years) (IGE versus symptomatic generalized epilepsy, 2 8.1, p ϭ 0.004; IGE versus cryptogenic generalized epilepsy, 2 6.4, p ϭ 0.01) (see table 1). EDA had a similar occurrence in JME and A-GTCS (22/105, 20.9%; and 13/48, 27%; 2 0.7, p ϭ 0.4). It occurred more frequently in both of these syndromes than in R-GCTS (7/75, 9.3%; JME versus R-GCTS: 2 4.4, p ϭ 0.036; A-GTCS versus R-GTCS 2 6.8, p ϭ 0.009) and CAE (4/120, 3.3%; JME versus CAE: 2 17, p ϭ 0.000; A-GTCS versus CAE 2 21, p ϭ 0.0000). EDA occurrence in R-GCTS and CAE was similar ( 2 3.1, p ϭ 0.76) (see table 1 ). Recordings from patients with EDA rarely indicated clinical seizures (6/46 EDA-positive recordings, 13.1%). Four of these six recordings were from patients with JME manifesting myoclonic jerks on awakening. One recording came from a patient with A-GCTS manifesting a convulsive seizure, and another from a patient with CAE showing multiple clinical absences during the waking hours (see table 2 ).
The EEG pattern of EDA varied in the same patient and even in the same cluster of discharges. Although the pathologic activity occasionally predominated in one hemisphere, all recordings mainly showed synchrony and symmetry. EDA events consisted of generalized discharges of polyspikes or spike-and-wave complexes. Recordings belonging to patients with JME and A-GTCS showed remarkably similar discharges, frequently including multiple spikes, isolated or irregularly intermingled with typical spike-and-wave complexes or with single or multiple arrhythmic slow waves. In EEG tracings recorded from patients with R-GTCS and CAE, the epileptiform discharges had a more regular, rhythmic pattern, consisting mainly of spike-and-wave complexes (see table 2; figure) .
Discharges lasted longer in CAE than in the other groups (F ϭ 8.4, p Ͻ 0.01)-on average more than 7 seconds. Discharges from patients with JME and A-GTCS were brief and irregular, rarely lasting up to 7 seconds. Discharges longer than four seconds were often intermingled with physiologic background EEG activity. Tracings from patients with R-GTCS epilepsy showed brief but regular discharges. The overall duration of EDA events was similar between groups (F ϭ 0.6, p ϭ 0.6).
The latency between EEG arousal and EDA onset clustered interestingly in early and late subgroups. In 39 out of 46 A-EEG from patients with all IGE sub-syndromes (84.7%), the latency varied from 1 to 10 minutes. In the remaining seven A-EEG, all belonging to patients with JME (15.3%), the abnormalities appeared between 20 and 50 minutes after awakening. Overall, EDA latency was longer in JME than in the other IGE subsyndromes (F ϭ 5.23, p ϭ 0.003).
In 31/46 (67.4%) EDA-positive recordings, EEG abnormalities recurred throughout sleep and wakefulness. Of the remaining 15 tracings, nine showed occasional discharges only during sleep (two JME, five A-GCTS, and two R-GTCS) and three had rare abnormalities only during wakefulness (one CAE, one JME, and one A-GTCS). Three EDA ϭ epileptiform discharges on awakening; JME ϭ juvenile myoclonic epilepsy; A-GTCS ϭ epilepsy with generalized tonic-clonic seizures on awakening; R-GTCS ϭ epilepsy with generalized tonic-clonic seizures at random; CAE ϭ childhood absence epilepsy.
recordings contained no abnormalities other than EDA. The circadian distribution of discharges was similar between groups.
Discussion. EDA is a rare A-EEG phenomenon in adult outpatients with epilepsy, and was identified in only 4.6% of the 1,000 recordings in this series. All EDA-positive tracings belonged to patients with IGE and accounted for 13.2% of the 348 patients. The diagnostic workup for patients suspected of having IGE should therefore include A-EEG monitoring when standard EEG recordings and photic stimulation are nondiagnostic. Because few patients in this series reportedly had clinical seizures, these events do not seem to be a target for A-EEG. Although rare, EDA is highly specific of IGE, and when associated with consistent clinical features, it might render further investigation unnecessary. None of the 97 A-EEG from patients with symptomatic or cryptogenic generalized epilepsy and none from the 555 patients with partial epilepsy showed EDA. This supports the observation that seizures activated on awakening are rarely focal, but does not exclude possible activation of partial epilepsy in the ensuing hours of the morning.
Our finding that EDA are a specific EEG pattern of IGE confirms previous knowledge, which attributes a crucial role in triggering EEG discharges and seizures in IGE to the transition between sleep and wake. Janz 5 introduced the concept of "awakening epilepsy," and subsequently Niedermeyer 6 coined the term "dyshormia" to indicate faulty or deviant arousal. In patients with IGE, arousing stimuli generate K complexes contaminated with spikes that are maximal over the frontal midline and precipitate paroxysmal EEG discharges. 7 In IGE subsyndromes, EDA occurred more frequently in patients with JME and A-GTCS than in those with R-GTCS and CAE. Rather than depending on an altered circadian distribution of discharges, which is similar in all groups of patients, the difference probably reflects the fact that seizures in JME and A-GTCS tend to recur on awakening and are facilitated by lack of nocturnal sleep, fatigue, and unexpected awakening. In addition, JME and A-GCTS may be subtle phenotypic variants of the same underlying genetic process. [8] [9] Even if EDA will not distinguish JME from otherIGE subsyndromes, irregular, multiple-spike discharges of late onset may help to discriminate JME.
Late-onset discharges (20 to 50 minutes) appear only in JME. Despite their presence in few cases, they render patients vulnerable to seizures during walking or driving to school or work.
